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(57) A molded catalyst for production of triethylene- 
diamine. wherein (1) the main components are silica 
and crystalline aluminosilicate, (2) the silica is amor- 
phous, and the content of the silica is from 5 to 70 wt%, 
(3) the molar ratio of silica to alumina in the crystalline 



aluminosilicate is at least 12, andthe content of the crys- 
talline aluminosilicate is from 30 to 95 wt%, and (4) the 
hardness is at least 1 kg. 
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Description 



5„ Jnn a 1 ?. ,6S l ° 8 m0 ' ded Cata ' ySt f ° r P roduction ° f triethylenediamine. a method for its pro- 

' I™ d ° r Pr ° dUCin9 trieth y ,enedi ^ine employing such a catalyst. More particularly, the presennn- 

T ° an JT° Ved C,VSta " ine a,uminosilicate molded catalyst which is capable of product triethylenedi- 
amine effectively and efficiently from an amine compound. ineinyieneai 

ESS 7 rie | hyle " ediamine is a useful compound which is used in a large amount as e.g. a foaming catalyst in pro- 
duction of polyurethanes or a curing accelerator for epoxy resins caiaiyst in pro 

L°°°*l h Sucbtri f hylenediamine can be obtained usually by cyclization of an amine compound by using a catalyst 
As such a catalyst, zeolite is well known. For example,® JP-A-62-228079 and© JP-A-63 1 22654 disc oL a method 

H ; to ooVc 23 Z meta ' Si,i r te SUbjeCted ,0 Ca ' Cinati0n ,reatment an -^sphere *^Zr e 7^ 
mlL f 9 a , m °' ar rat '° ° f SHiCa l ° a ' Umina ° f at least 12 > as a cata| y st = © JP-A-1-132587 discloses a 

SA J "? T T T'^ 2e0 ' ite 38 8 Ca;a!V3t: ® JP "A-1-143864 discloses a method of using a pentasyltpe 
zeohte as a catalyst and contacting ethylenediamine, diethylenetriamine or 2-aminoethanol with such a catalys af a 
*n£TZ T 250 10 55 °° C l ° ° btain trieth y ,e n^iamine; ® jp-a-3-1 33971 discloses a method of emplTna 

rlmln h- cata, y s ^ an i d D contacti "9 ethylenediamine with the catalyst at a temperature of from 27 L 42^0 to obtS" 
methy.ened.am.ne; © JP-A-5-1 7460 discloses a method for producing triethylenediamine from an amfne impound 

lot to 950 C in° a T S T 3 C r a, ^ e a,Uminosi,icate to calcination treatment at a tempe"a1 U TeXom 

500 to 950 Cina steam atmosphere; © JP-A-5-1 7461 discloses a method for producing triethylenediamine from an 
am.ne compound and a catalyst composed of a crystalline aluminosi.icate subjected to ^oin2Zl^ZT a 7em 

ZZZrl^ ° l ° 95 °° C " an atm0S P here = ® JP - A ^-1 7462 discloses a method £££££££ 
famine fom an ammeo^ 

2L, V \ w u d,soloses a method for Producing triethylenediamine from an amine compound and a zeolite cat 
alyst subjected to bas,c treatment; ® JPW-10-182562 discloses a method for producing triethylenediamine fmm 'an 
amine compound and a surface acidity-deactivated zeolite catalyst; and® JP-A-IO-igSO^drJcrosesT me hod for 

havtTa s at f ?T^T ^ ' trieth * lenediami " e reac «°" «*«on having an ethy,ated compound and a zeo . te 
having a shape select.vrty for a condensation reaction and a cyclic reaction added 

ST 1 , A ^ men,ion Lj ed above ' many me thods employing zeolite catalysts have been disclosed for the production of 

S Tn the mtt T Ze0,ite Cala ' yStS ^ th6 f °" 0Wing Pr0bl6ms Whe " used a * industnalcata ys7 
h^h 1 ? ° r producin 9 triethylenediamine, the reaction system may be either a batch system a sem- 

.batch system or a cont.nuous system, and the reaction can be carried out in a suspension bed system (aSzed bTd 
system ,n the case of a gas phase reaction) or a fixed bed flow system. However, industrially^ heSeTb ^ S system 

35 L Io 9e ° U t S 'T VieWP ° imS °' ° Perati0n " apparatUS and economical ^'Oiency. £ of Workfng Ex^X S 
35 the above-ment,oned prior art, the reaction is carried out by a fixed bed flow system. In the case of a ?ixed "bed^ow 

system,notonlytheyieldoftriethy.enediamine,buta.sothemechanica. strength ofthe molded catalyst ai^ 
hfe.arevery important. With respect to the preparation of the molded catalyst, L prior art gives 

bid-r ^ssrs r h e e a r er ' etc - and has not yet reached a ,evei ™ * app — isjssss 

40 » [ i 0 o °n 0 , 6 Ln^ ,y( ? ft" 5 " 17460 '® JP - A " 5 - 17461 and® JP-A-5-17462 disclose molding methods These pub.ica- 
~ w ab ° Ut eXtmS,0n m0,ding ' tab,etin 9 and granulation, but in all Working Examples tableting is empC^ 

746 A V> 3 TJ ^*"Z n »lT^™ di0Xide ° ra cla ^ cb as b -to"«- or montmori.lontte, < 



JP-A- 



nrsoecl £, JP " A " 1 °" 1 82562 8nd ® JP " A - 1 °" 1 95029 d ' SCl0se si,ica ' a,umina . « a " ia > ^'Zn^J^t 
no spec^disclosure ,s made in Working Examples.® JP-A-1 -132587 and® JP^-1 -143864 mention about an inen 

^T^l^r^^^^^^^^" 1 ^-^'® ^ p - A -10-109964.@Tp-tro-18S 
and © JP-A-1 10-1 95029 disclose that a material having a low acidity such as silica or zirconia is Referred since an 

so op^nt^ 

b°„m!.L Fu f her ' With respectto the yield of triethylenediamine and the catalyst life when triethylenediamine is prepared 

--82-228079 0^^.-63-1^0 



selectMtyoftriethy^ 

d!c rZZ 33 t t he in COn f Ve h rSi ° n inCreaS6S> and thUS ' * iS n0t P ° Ssible to ob,ain triethylenediamine in good yield She 
'?h T Cata ' ySt Wfth time iS si 9 nifica "t- By the method disclosed in ® JP-A-1 -1 32587 or ffl ^ JP-A 

1-143864 the selectivity for triethylenediamine is high, but the conversion of the starting mate ria at that tirne is tow 
whereby the y,e W of triethylenediamine is low, and deterioration with time of the catalytic^ctivt is By the 

method of employmg an alkali metal ion-containing pentasyl type zeolite as disciosed in © JP-A-a J 1 33971 the se 
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lectivity is high, but the conversion of the starting material is low, and the yield of triethylenediamine is low. On the 
other hand, with the pentasyl-type zeolite having aluminum in the zeolite framework substituted by iron, the selectivity 
is high, and as a result, the yield is improved, but the catalyst is a special zeolite, and the method for its production is 
complex, and the production conditions are severe, the production costs are high, such being not practical from the 
industrial viewpoint. Although the deterioration with time of the catalytic activity is lower than other conventional cata- 
lysts, the improvement is not yet of a level satisfactory from the industrial point of view. 

[0009] By the method disclosed in @ JP-A-5-1 7460, ® JP-A-5-1 7461 or® JP-A-5-17462, the yield of triethylen- 
ediamine is improved, but deterioration with time of the catalytic activity is substantial. 

[0010] By the method disclosed in© JP-A-1 0-1 09964 or ® J P-A- 10-1 82562, the yield of triethylenediamine is low, 
and deterioration with time of the catalytic activity is substantial, and such a method is not useful as an industrial 
production method. 

[001 1 ] Further, the method disclosed in © JP-A-1 0-1 95029 is a two step reaction, whereby the operation is cumber- 
some, the installation cost tends to be high, and deterioration of the catalytic activity is also substantial. In the foregoing, 
various problems of the methods for producing triethylenediamine employing conventional catalysts, have been de- 
scribed, but these problems may be summarized into the following three categories. 

(1 ) The molded catalyst has low strength and is likely to disintegrate into fine powder during the reaction, whereby 
continuation of the operation becomes impossible. This brings about an increase of the operation pressure espe- 
cially when the reaction is carried out in a fixed bed flow system, which will be a fatal drawback. 

(2) The yield of triethylenediamine in the catalytic reaction is low, such being uneconomical. This brings about not 
only deterioration of the productivity but also cumbersomeness in the separation and purification of triethylenedi- 
amine, and deterioration in the purity of the triethylenediamine product. 

(3) Deterioration with time of the catalytic activity is substantial, whereby an industrial stabilized operation tends 
to be difficult, and the production efficiency tends to be low. This means that the catalyst life is short, thus leading 
to an increase of the cost for the catalyst and an increase of the work load of replacing the catalyst. Thus, this is 
a serious problem which must be solved, for the catalytic reaction. 

[0012] Namely, development of a technique to solve these three problems has been strongly desired for the produc- 
tion of industrially useful triethylenediamine. 

[001 3] The present inventors have conducted an extensive study for a long period of time on the search for a catalyst, 
on the preparation of the catalyst and on the production of triethylenediamine using the catalyst, in an attempt to find 
out a technique which is capable of solving the above three problems simultaneously. As a result, they have found a 
clue for solving the problems by a molded catalyst having a certain specific composition and a specified strength and 
have finally accomplished the present invention. 

[0014] Namely, the present invention provides a molded catalyst for production of triethylenediamine, characterized 
in that (1) the main components are silica and crystalline aluminosilicate, (2) the silica is amorphous, and the content 
of the silica is from 5 to 70 wt%, (3) the molar ratio of silica to alumina in the crystalline aluminosilicate is at least 12, 
and the content of the crystalline aluminosilicate is from 30 to 95 wt%, and (4) the hardness is at least 1 kg. 
[0015] The present invention also provides a method for producing such a molded catalyst for production of trieth- 
ylenediamine, characterized in that amorphous silica composed of primary particles having an average particle size 
of from 6 to 60 nm, is used as a binder, and the silica and crystalline -aluminosilicate are mixed and then molded into 
a uniformed shape by a molding machine. 

[0016] Further, the present invention provides a method for producing triethylenediamine, characterized by contact- 
ing at least one member selected from the group consisting of amine compounds having a group represented by the 
following formula (1 ): 

-CHR 1 -CHR 2 -NR 3 R 4 (1) 

wherein each of R 1 to R 4 which are independent of one another, is a hydrogen atom or a C^ 3 alkyl group which may 
have a substituent, with such a molded catalyst for production of triethylenediamine. 
[0017] Now, the present invention will be described in further detail. 

[0018] Firstly, the molded catalyst for production of triethylenediamine of the present invention will be described. 
[0019] The catalyst of the present invention comprises silica and crystalline aluminosilicate as the main components. 
It may further contain a small amount of inorganic compounds and/or organic compounds. 

[0020] In the present invention, the silica to be used for the catalyst is amorphous and is not crystalline like quartz 
or cristobalite. This can be easily determined by a powder X-ray diffraction apparatus. When the silica is amorphous, 
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cante^nef haV ' n9 * ^ * ^ WhiCh ^ charact ^stics of the present invention, 

[0021] In the present invention, the content of silica in the catalyst is from 5 to 70 wt% If it is less than 5 wt°/ a 
molded catalyst having an industrial hardness may not be obtained, and if it exceeds 70 wt% the cafaty^ acSo 

s no7J?S hlT t6n f 10 d6CreaSe - A PreferrSd C ° ntent iS ,rom 1 5 10 50 ln a «» where thrma^ coCo^en 
.s not s.Uca bu clay or alumma, the hardness of the molded product may be high, but the catalyst life is very sZ and 

such is not included in the present invention, ^ ' 

[0022] In the present invention, the active species of the catalyst is crystalline aluminosilicate, and the molar ratio 

of sHica to alumina ,n this crystalline a.uminosilicate is at least 1 2. If the molar ratio is .ess than 2 the for 

*.e hylenediamine tends to deteriorate, and an unnecessary byproduct tends to form in a large amount A^rred 

Z lf!°t ,f k t0 5 ',°° 0 ' Wh6reby the C3talytiC aCtivity iS hi 9 h ' the selectivit V for thethylenediamine is high and 
he catalyst hfe can be prolonged, such being economical. If the molar ratio exceeds 5,000, the catalyst activiftends 
to decrease, or preparation of such crystalline alum.nositicate tends to be difficult 

[0023] In the present invention, the content of the crystalline aluminosilicate in the catalyst from 30 to 95 wt% If 
c^LTroZtZ 0 ^ aCt : ity tSndS l ° d6teri0rate ' and " * 6XCeedS 95 the nardnTss of the rSed 

m!mt! !h pre h Sent J nV h ention ' the crystalline aluminosilicate is preferably one having a main cavity of oxygen ten- 
membered nng, whereby the catalytic activity and the catalyst life can be increased. Its specific examples indude ZSM 

PaTentT^ ': 70 | 2,88 ri 6 ' Z ,^- 8 38 diSClOS6d in U S " Pate "« ' ,334,243 P ZSM-11 T^Te Mn S.S. 
lT n Y S ^ f disclosed ,n U.S. Patent 3,832,449, and ZSM-21 as disclosed in U.S. Patent 4 001 346 

£2? ' t 1 ,S Pr f erred ^ the VieWP ° int ° f the Cata 'y tic activit V and the indus '" a ' Promotion Such cr^s- 
or ma* iTbT H °7 USUa " y by h * drothemlal thesis, in which an organic crystallizing agent may 

cLZZ T •', ° btamed by any meth ° d may be USed in the P resent ™ enti °"- F ^her, cftions of the 

t7u^Zt Ti°th may "? ^ ' imit6d ,0 and S ° me ° r a " ° f h V dr °9 en ions ma * be a ^-"9^ w*h other 

r o nTp a ? ■ T ' w" S ' SOd ' Um i0nS ' P ° taSSiUm i0nS ' C6Sium ions ' magnesium ions, calcium ions or lanthanum 
ft ^ C a Ularty prefer f red ,s ^ sta,line a'uminosilicate having ion exchanged with alkali metal ions, particularly sodZ 

100251 P , n th '° nS ; m VieWP ° int ° f hi9h yiGld and su PP ressi °" «* deterioration of the cata^c activity with Ime 
[0025] m the present invention, it is important that the hardness of the catalyst is at least 1 kg When the hardnTss 

of tne^o ded'cl! T"* triethy,enediamine " d ^ a '* constantly wtthout disimegrat'n or breakage 

of the molded catalyst. This is a feature of the catalyst of the present invention and brings about a significant effect 
when a fixed bed flow system reactor is employed. In the present invention, the hardness means a hardness Measured 

Z8841 (1993) which is widely used for the measurement of the strength of a molded product. As a testing device for 
^vice-oTjTsS teSt h meth0d ' any device corresponding to the testing device L prescribed iTS.fSlS 
ne~ L°lr f f V anV P3rtiCUlar reStriction ^ ^ch a testing device, a Kiya model hard 

~T exam P |e h P refe ^ d - A manua, type and an automatic type are avai.ab.e7or the Kiya model hardness 
mete . and either one can be used with good precision. The press chip here is a standard of 5 mm in diameter wWch 

- me^e^ 

2 to 20 kn 1^ I i! 1 f SS met6r W,th 3 pr6SS Chip of 5 mm in diameter - This hardn ess is preferably from 
1 11! ? th „ 6 m °' ded C f alySt 080 be USed comf y for a ,on 9 P eri ° d <* «™ even under severe condition" 
catat^ ten^to h , ^ " °" hf * ^ *" be f0r moldin 9" but also the activity of the molded 

pSSy e rhVh°ard e nrsi 0 s >™ '"*"» ° f ^ ^ — — 

" 5 Sf DroductirZlr"" 0 "' ? Sha . Pe ° f m ° ,ded C3talySt iS n0t P articu,art V «^ed. However, from the view- 
oZHZ T eff,c,e " c y- handl,n 9 ^aency, stability of the shape of the molded product during the preparation 
of inethylenediamine and maintenance of the catalytic activity, it is preferably spherical, oval or cylindrical and its 

break?" TkTt T I ^ * ^ ' * 20 mm ' ' f the Sha P e is irr ^ ular a " d ^ aa many^ang lar corned 

- due,o?hef^ 

volume fr^T 9 1 * S}phere is a " averaae diameter by calculating the 

Z X o°T r geome ncal sha P e of the m°'ded product as a sphere. Here, some examples of the relation between 
the size of a cyhndncal molded product and the average diameter as a sphere, are shown in Table 1 
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Table 1 



Size of a molded product 


Average diameter as a sphere 


1 mm <|> x 5 mmL 


2.0 mm 4> 
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Table 1 (continued) 
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Size of a molded product 


Average diameter as a sphere 


1 mm <j> x 10 mmL 
3 mm (j) x 5 mmL 
5 mm <(> x 20 mmL 
10 mm (J) x 20 mmL 


2.5 mm <j> 
5.1 mm 4> 
9.1 mm c|> 
14.4 mm $ 



[0027] In the present invention, this average diameter as a sphere is more preferably from 2 to 1 0 mm, whereby the 
above-mentioned effects can be obtained at a higher level. If the average diameter as a sphere is small, the hardness 
decreases, or the pressure loss of the catalyst layer increases. On the other hand, if the average diameter as a sphere 
is large, the hardness will be high, but the apparent specific area decreases, whereby the catalytic performance de- 
creases. Further, drift of the product and starting material for the production of triethylenediamine will take place, where- 
by the reaction efficiency decreases. 

[0028] Now, a method for producing the molded catalyst for production of triethylenediamine of the present invention 
will be described. 

[0029] For the production of the catalyst of the present invention, firstly amorphous silica composed of primary par- 
ticles having an average particle size of from 6 to 60 nm, is used as a binder, and such silica and crystalline alumino- 
silicate are mixed. It is possible to obtain a molded catalyst having a good shape and high hardness, when such 
amorphous silica composed of primary particles of from 6 to 60 nm, is used as the binder. If the primary particle size 
of such silica is smaller than 6 nm : the mixing and molding operation tends to be difficult, and it will be difficult to 
increase the hardness of the molded product. Further, the catalytic activity of the molded product tends to be low : and 
the catalyst life tends to be short. The reason may be such that since the primary particle size of the silica is small, the 
pore size of the molded catalyst will be small, whereby the reactivity decreases. On the other hand, if the primary 
particle size is larger than 60 nm, the mixing and molding operation may be easy, but the hardness of the molded 
product tends to be small, and disintegration or breakage tends to occur during use of the molded product. Such a 
primary particle size can easily be measured and identified by SEM (scanning electron microscope) or TEM (trans- 
mission electron microscope). Further, the average size of the primary particles can also be obtained from the meas- 
urement of the specific surface area by e.g. a BET apparatus, because the primary particles of silica such as colloidal 
silica, wet process silica and dry process silica are spherical in most cases, and even if their average particle size is 
obtained from the specific surface area and the true density as spheres, an error is small. This relation may be repre- 
sented by the following formula: 

D= jJL x 10 3 
2.2S 

where 

D: Average primary particle size (nm) of silica 
S: Specific surface area (rn 2 /g) of silica 

2.2: True density (g/cm 3 ) of silica, which may vary depending on hydrous or anhydrous, but here 2.2 g/cm 3 was 
employed. 

6: Shape factor (-) of spheres 

[0030] From this formula, the specific surface area of silica having an average primary particle size of from 6 to 60 
nm is calculated to be from 50 to 500 rr^/g. This is effective for selection of silica to be used. 

[0031] In the method of the present invention, this silica binder is amorphous and consists essentially of silica, and 
its silica content is preferably at least 90%. It may contain, as trace constituents, oxides of alkali metals, alkaline earth 
metals or transition metals. More preferably, the silica content is at least 95 wt%. 

[0032] In the method of the present invention, as such a silica binder, at least one member selected from the group 
consisting of colloidal silica, wet process silica and dry process silica, is preferred. Each of them is amorphous. Colloidal 
silica can be produced by e.g. an ion exchange method, and it is one having spherical primary particles mono-dispersed 
in an aqueous solution. As commercial products, LUDOX, SYTON, NALCOAG, SNOWTEX, etc., are available. The 
silica concentration in such colloidal silica is usually from 10 to 50 wt%. Wet process silica is produced by treating an 
aqueous sodium silica solution with a mineral acid such as sulfuric acid to precipitate silica, and it is called also as 
white carbon. This is a hydrous silicic acid, and as commercial products, Hi-Sil, Ultrasil, Vulcasil, Santocel, Valron- 
Estersil, Tokusil, Nipsil, etc., are available. Dry process silica is produced by hydrolyzing mainly silicon tetrachloride 
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10 



15 



20 



gas at a h.gh temperature in an oxygen atmosphere, and it is called also as fumed silica. This is anhydrous silicic acid 

?^? s £T e Tl P r°i UCtS - Aer0Si '' Re0lOSi '- Cab -°- SM ' FranSil ' DC ' Silic * ArcSilica - etc are available Tmong 
hioher S T I , ' ,Spreferred - wherei » mixin 9 and molding operation are easy, and a molded producing 
Srot^ged * performanc e is hi 9"> and »e catalyst life can be particulany 

S J,™ m ?,! h0d ° f L he Pr f ent inVenti ° n ' mixing of the silica and crystalline aluminosilica is not particulariy 

e a cvlfnd 52 , v f 03 " "ZfT* miX6d - ThS aPParatUS may ' f ° r eXamp,e > be a rotati "9 container ^ mixer of 
e.g. cylindrical form, V form, cubic form, double circular cone form, hexagonal form or pyramid form a fixed content 
type mixer such as a screw mixer, a ribbon mixer, a Henschel mixer or a rotation pan mixer, or a m xing^neaXa 

ZSlifSl th 3 ^ mi "„": thiS miXiP9 OPerati0n ' " iS Preferred 10 use water - whe reby mix ng canS m t 
of mixTnn " "Tl ™* T Wher6by the subse 9uent molding will be facilitated Further, at theZe 

boZetUcIT' 0 b ; nder , SUCb as gum arabic - ^ium. a, gin ate, processed starch, sodium casein, sodium car 
boxymethy. cellulose glycerol, gelafn, starch, molasses, fine c, ystalline cellulose, pitch, hydroxypropyl cellulose phe- 
l^iS^SfiS^ P 01 ^- 9«ycol. pohyvinyl alcohol, pofyviny, pyrrolidone, melhyl cellose or Hgnin, 
may be added, so that the subsequent molding operation will be improved 

mS!?H Jl 1 ? m f hod of t he P resent invention, the mixture thus obtained, will then be molded. Forthe molding a dry 
me hod and a wet method are available, and either method may be used for the present invention SpeciSv the 
mourns .method may, for example, be extrusion molding, tableting, tumb.ing granulation, agnation graS Tn or oN 

h^h 9 ' ,h TJ* th ! m maV be US6d " the Present invention - The sha P e of the molded product to be obta ned 
mtention m w^ 9 ° Val ' °r tablet-form, and any one of them may be used in the S 

rom 2 to 1 0 iTnT ff ■ ^ 8Vera9e diametSr 35 3 SphSre iS Pr6ferab, y 1 rom 1 ««» 20 mm, more'pre'ferabj 

mo7dL n h T ! 0836 ° f m ° ldlng ' ft iS Preferred t0 calcine the molded product, whereby the harness of the 
molded product wHI be .mproved. In the case of wet molding, it is preferred to dry the molded product followed ov 
calcnation, whereby the hardness of the molded product will be further improved V 
[0035] In the method of the present invention, a preferred embodiment of mixing and molding is such that wet mixinq 
22 7 6r ;; S fo »°wed by extrusion molding and then by drying and calcination, whereby it is possiblHoTS 
omdSobS T Pr ° t T ° f trieth y |enedia mine, having high hardness and good catalytic performance. A mo.ded 
product obta ned by wet moldmg ,s usually dried. The drying temperature is usually from 40 to 200'C and the dryinq 
hme s usually from 1 to 24 hours. The atmosphere at that time may be nitrogen, air or the like. In a preferred embod 
iment, calcination is carried out after molding or drying. - erreaem D oo 
LtmtsL^ th ThT? a h p 0d °l thS Pr !, Sent inVenti0n ' calcination may be carried out in an air atmosphere or in a steam 
sS to alumna ^TtZZ T & ^ " P ° n the tyP6 ° f CrySta " ine a '"minosilica, the molar ratio of 

Howeler n anv !Z ° ™ -^T Crystal,izin 9 a 9 ent employed, the type of the binder for molding, etc. 
85oT Th^ a 7in» S r Pera T " preferab| y from 500 to 950°C. A more preferred temperature is from 550 to 
for exalT/f , T !T * * ^ 1 ^ preferah>)F at least 3 hours - lf the calcination temperature is low 

Z^uTf' 1 I ■ J 0 * 6 ' than 5 °°° C ' the hardn6SS 0f the molded c^alyst tends to be slightly low Further the 
selectivity for tnethylenediamine as the desired product, tends to be slightly low. On the other hand if the calcinat on 
temperature ,s high, for example, at a level of higher than 950°C, the crystallizability of the crySe aYumtc^S 
de enorates due to the heat, and the specific surface area tends to be small, whereby the acLty « a «S 
norates. At a temperature of from 550 to 850°C, it Is possible to obtain a molded catalyst for production ^!lSS,y2S- 
ediamme, which is excellent in the catalytic activity, the catalyst life and the hardness * 

IxchanJ mav U ?T ^ 3fter Ca ' Cinati ° n ° f the m ° ,ded pr0duct ' post ^atment such as ion 

Z T^LTZ , . Z 6 '° n exchan 9 e operation may be carried out at any stage during the production of 

the molded catalyst. However, it is preferaby carried out after calcination, whereby the operation is easy and the 

chanTmav be T^T" T^T" ^ ^ ° f crystal.ine'aluminosilicate after he ion ex 

S ZZ eel, ^ Se,eCted fr ° m thS 9rOUP C ° nSiSting ° f hydrogen ions > lithium 'ons, sodium ions, po- 

u^rToSum Z IT 7' ma9neSIUm '° ns - Ca,cium ions and 'anthanum ions. Among them, alkali metal ions, partic- 

obtlrdSrnroH TT- '°K nS 1 ' ^ Preferred ' ***** 3 hi9h yie ' d and high cata| yt te activity with time can be 
oDiained Tor the production of tnethylenediamine. 

50 bTdfLribeT 3 meth ° d Pr ° dUCing trleth y ,enediamlne ^W^g the molded catalyst of the present invention, will 

[0039] The compound used as a starting material in the method of the present invention is an amine compound 
having a group represented by the following formula (1): compound 
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-CHR 1 -CHR 2 -NR 3 R 4 (1) 
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wherein each of R 1 to R 4 which are independent of one another, is a hydrogen atom or a C,. 3 alkyl group which may 
have a substituent. The compound may, for example, be monoethanolamine, diethanoiamine, isopropanolamine, di- 
isopropanolamine, N-(2-aminoethyl)ethanolamine, N-(2-hydroxyethyl)piperazine s N J N , -bis(2-hydroxyethyl)piperazine, 
N-(2-aminoethyl)piperazine, N,N'-bis(2- aminoethyl)piperazine, piperazine, ethylenediamine, diethylenetriamine, tri- 

5 ethylenetetramine or tetraethylenepentamine, and any of these may be used. Among these, a chain ethyleneamine 
such as ethylenediamine, diethylenetriamine, triethylenetetramine or tetraethylenepentamine, or a cyclic ethyleneam- 
ine such as N-(2-aminoethyl)piperazine or piperazine is preferred, since not only it is available in a large amount at a 
low cost, but also triethylenediamine and piperazine can be produced in higher yields. The more preferred ethylene- 
amine is N-(2-aminoethyl)piperazine. Such amine compounds may be used alone or in combination as a mixture of 

io two or more of them. 

[0040] In the method of the present invention, the reaction is carried out in a fixed bed flow system, and it may be 
carried out either in a gas phase or in a liquid phase. 

[0041] It is advantageous to carry out the reaction by a gas phase system from the viewpoint of operation, yield and 
stability of the catalyst. In such a case, as the diluent for the amine compound, a gas such as nitrogen gas, hydrogen 

15 gas, ammonia gas, water vapor or a hydrocarbon, may be employed. Otherwise, a solvent such as water or a hydro- 
carbon, may be employed to dilute the amine compound, and the diluted amine compound may be introduced as the 
starting material and gasified in the reactor. Such a diluent may be used in an optional amount, and usually the molar 
ratio of the amine compound to the diluent is preferably from 0.01 to 1 . If the molar ratio is smaller than 0.01 , productivity 
of triethylenediamine tends to be low. On the other hand, if the molar ratio is larger than 1 , the selectivity for triethyl- 

20 enediamine will slightly decrease. 

[0042] In the present invention, an amine compound is used as the starting material and contacted with the above 
molded catalyst to produce triethylenediamines. The reaction conditions such as the reaction temperature and the 
space velocity at that time, vary depending upon e.g. the types of the crystalline aluminosilicate and the amine com- 
pound, and can not absolutely be determined. Usually the reaction is suitably carried out at a reaction temperature of 

25 from 250 to 450°C at a space velocity (GHSV) of from 100 to 10,000 hr 1 . Further, the reaction may be carried out 
under either atmospheric pressure, elevated pressure or reduced pressure. 

[0043] By this catalyst reaction, triethylenediamine can be obtained effectively and efficiently. At that time, piperazine 
is also obtained as a byproduct. Piperazine is also a useful compound like triethylenediamine, and is useful also as a 
starting material for production of triethylenediamine. 

30 [0044] Further, the molded catalyst of the present invention has high hardness and a long catalyst life, as compared 
with conventional catalysts. Accordingly, it undergoes gradual deterioration of the catalytic activity by the reaction for 
a very long period of time. However, by removing organic components attached to the catalyst by calcination, it can 
be reproduced as a highly active catalyst and can be repeatedly used. This indicates that the catalyst is not essentially 
changed, and this is an important feature of the present invention. For the activation of the used catalyst, a calcination 

35 temperature of at least 500°C is usually preferred. 

[0045] Now, the present invention will be described in further detail with reference to Examples. However, it should 
be understood that the present invention is by no means restricted to such specific Examples. 

EXAMPLE 1 

40 

[0046] 100 Parts by weight of powder ZSM-5 type zeolite (860 NHA, manufactured by TOSOH CORPORATION, 
molar ratio of silica/alumina: 72), 33 parts by weight, as calculated as silica, of colloidal silica having a primary particle 
size of from 10 to 20 nm (manufactured by Nissan Chemical Industries, Ltd.) as a binder, an organic binder and water, 
were uniformly mixed and kneaded. Then, by an extrusion machine, a cylindrical molded product of 1 .5 mm in diameter 

45 x 3 to 1 0 mm in length, was obtained. The molded product was then dried at 120°C for 4 hours, followed by calcination 
in a steam atmosphere at 750°C for 4 hours to obtain ZSM-5(1 ). This product was measured by a Kiya model hardness 
meter, whereby the hardness was 2.5 kg on average, and it was confirmed to be a sound molded product. 
[0047] Into a fixed bed flow system reaction tube, this ZSM-5(1) was packed, and while maintaining the-reaction 
temperature at 355°C, a mixture (N-AEP/water (molar ratio)=8/92) comprising N-(2-aminoethyl)piperazine (N-AEP) 

so and water, was supplied at GHSV1 000 hr 1 . The reaction solution was analyzed by gas chromatography. At the initial 
stage of the reaction, the conversion of N-AEP was 100%, and the yield of triethylenediamine (hereinafter referred to 
simply as TEDA) was 54.5 wt%, and the yield of piperazine (hereinafter referred to simply as P) was 18.0 wt%. Thus, 
both yields were high. 

[0048] Further, on the seventh day after initiation of the reaction, the reaction temperature was 355°C, the conversion 
55 of N-AEP was 100%, and the yield of TEDA was 54.0%, and the yield of P was 18.3 wt%. Thus, both yields were 
constant at high levels. On the 34th day after the initiation of the reaction, the reaction temperature was higher at 
380°C, the conversion of N-AEP was 98.6%, and the yield of TEDA was 45.6 wt%, and the yield of P was 22.7 wt%. 
Thus, the high catalytic activity was maintained for a long period of time. During this period, no disintegration or breakage 
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ra0491 Fnrfh^ T t f ° ! *"* "° 0bSen,ed ,n the P reSsure difference duri "9 the reaction. 

[0049] Further, the catalyst was calc.ned in an air atmosphere at 600°C for 4 hours and used again for the reaction 
As a resulUhe reaction results of thefresh c^ 

COMPARATIVE EXAMPLE 1 

[0050] ZSM-5(2) was obtained in the same manner as in Catalyst Preparation Example 1 except that colloidal silica 
havmg a pnmary particle size of from 4 to 6 nm (manufactured by Nissan Chemical Industries, Ltd.) was used as an 
inorganic bmder. The hardness of the molded product by a Kiya type hardness meter was low at a level of 0 7 kg on 

S*S2 tq F ?2S IO a1 ?^ TED . A r' 38 Carri6d ° Ut in ,he Same manner as in Exam P' e 1 exce P* that ZS M-5(D was changed 
to this ZSM- 5( 2). At the mitral stage of the reaction, the reaction temperature was 355°C, the conversion of N-AEP 

on 1? S V 'T 01 TEDA WaS 457 Wt% " and the yie,d 0f P v ' as 151 **■ Thus - ^e yield, werebw Further 

on the 15th day after the inflation of the reaction, the reaction temperature was increased to 380°C, and even then' 
the conversion of N-AEP was 88.9%, and the yield of TEDA was 41 .1 wt%, and the yield of P was 7.0 w^ Thus 
the performance deteriorated quickly. Further, the pressure difference of the reaction tube also increased and the 
reaction was term.nated here. The nitrogen gas was circulated to the reactor for cooling, and the catalyst was taken 
out, whereby it was mostly in a disintegrated state. Muuysi was iaKen 

COMPARATIVE EXAMPLE 2 

[0052] ZSM-5(3) was obtained in the same manner as in Catalyst Preparation Example 1 except that colloid.:' -lica 
havmg a pnmary particle size of from 70 to 100 nm (manufactured by Nissan Chemical Industries, Ltd.) was used as 

on rvTgT hardn6SS ° f m °' ded Pr ° dUCt bV 3 Klya m ° del h3rdneSS met6r WaS ,OW at a 'evefof 0 6 kg 

tolS ZSM^fT, t TED r r? Ca T d ° Ut in ,he same manner as in E * am P'e 1 except that 2SM-5(1 ) was changed 
to this ZSM-5(3) At the initial stage of the reaction, the reaction temperature was 355°C, the conversion of N-AEP 
was 97. 1 %, and the yield of TEDA was 49.3 wt%, and the yield of P was 15.7 wt % . Thus, the yields were^w F^ 
5»h 6 ^ e ; eaCti ° n tUbe inCreaS6d Wfth time ' and c °n s equent.y the reaction was terminated on the 

fn a dSnttgrated ST* r6aCti ° n ^ *" C °° >m9 - " d ** WaS take " ° Ut ' Whereby il was ™*** 

COMPARATIVE EXAMPLE 3 

S of v S r!f ~ri V"* 0bta w ed in the S3me mann6r 38 in Cata,yst Pre Paration Example 1 except that 33 parts by 

as an ,nor9anic binder The hardness of the mo,ded product by a Kiya model hardness 

E*5? 7<TM 0 ^fT, ?i TED . A Carri6d ° Ut ,he Same manner as in Exam P ,e 1 exce P l that ZSM-5(1 ) was changed 
f„S ( ^'u ,mt,al St39e ° f the reaCti0n ' the reaction temperature was 355°C, the conversion of N-AEP 
mosi m 3 'llf ° f TEDA WaS 54 0 and the yie,d of P was 1 8 8 **• -n- both yields were high 
5, T pnT Ver ' Z * he i, eventh da V aft er the initiation of the reaction, the conversion of N-AEP was 89.0% and the 

mo™ 1 Wt%> and thS yiSld ° f P WaS 1 7 8 Wt% " Thus - the Performance deteriorated quickly. 

ESJ2r«!Z!? TT U LT^f 5 3 m °' ded CatalySt f0r P roductio " ef triethylenediamine, which is important as 
an industrial catalyst and which has high hardness and high catalytic activity and has little decrease with time of the 
catalytic actrvrty (a long useful life). Further, it provides a reasonable method for producing the molded S and 
urther provrdes a method for effectively and efficient* producing triethylenediamine using the catalyst. 
[0058] The effects of the present invention will be listed below. 

(1 1 ) The molded catalyst for triethylenediamine of the present invention is a novel molded catalyst having its con- 
stituting components and hardness defined. 

inLn he m ° lded ca,a| y s ? for triethylenediamine having a high performance, can be produced in a large amount 
nexpensively with good operation efficiency without requiring a special material or operation 

hlLl 6 m6Chan i i Cal S f ! re , n9th of the mo,ded ^talyst is high, and the molded product is free from disintegration or 
breakage even rf triethylenediamine is produced industrially for a long period of time 

whIHk m f ° ,d t d 1 Cata ' yst has hi 9 h cata W' activity, and deterioration with time of the catalytic activity is very small 
whereby tnethylened.am.ne can be produced in good yield and with high productivity for a long period ofTime 
2Jl« e h PrB8B nt ! nVention ' man V amine impounds can be used as starting materials, and thus the present 
invention has a wide range of applications and thus has a high industrial value. 
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(6) The molded catalyst of the present invention is substantially free from deterioration in the production of trieth- 
ylenediamine, can be activated simply by calcination and has high economical efficiency. 

[0059] The entire disclosure of Japanese Patent Application No. 2000-302875 filed on September 29, 2000 including 
specification, claims and summary are incorporated herein by reference in its entirety. 

[0060] A molded catalyst for production of triethylenediamine, wherein (1 ) the main components are silica and crys- 
talline aiuminosilicate, (2) the silica is amorphous, and the content of the silica is from 5 to 70 wt%, (3) the molar ratio 
of silica to alumina in the crystalline aiuminosilicate is at least 12, and the content of the crystalline aiuminosilicate is 
from 30 to 95 wt%, and (4) the hardness is at least 1 kg. 

Claims 

1 . A molded catalyst for production of triethylenediamine, characterized in that (1 ) the main components are silica 
*5 and crystalline aiuminosilicate, (2) the silica is amorphous, and the content of the silica is from 5 to 70 wt%, (3) 

the motar ratio of silica to alumina in the crystalline aiuminosilicate is at least 1 2, and the content of the crystalline 
aiuminosilicate is from 30 to 95 wt%, and (4) the hardness is at least 1 kg. 

2. The molded catalyst for production of triethylenediamine according to Claim 1 , wherein the content of the silica is 
20 from 15 to 50 wt%, and the content of the crystalline aiuminosilicate is from 50 to 85 wt%. 

3. The molded catalyst for production of triethylenediamine according to Claim 1 or 2, wherein the crystalline aiumi- 
nosilicate has an oxygen ten-membered ring. 

25 4. The molded catalyst for production of triethylenediamine according to Claim 3, wherein the crystalline aiuminosil- 
icate having an oxygen ten-membered ring structure is ZSM-5. 

5. The molded catalyst for production of triethylenediamine according to any one of Claims 1 to 4, wherein the molar 
ratio of silica to alumina in the crystalline aiuminosilicate is from 40 to 5,000. 

30 

6. The molded catalyst for production of triethylenediamine according to any one of Claims 1 to 5, wherein the hard- 
ness is from 2 to 20 kg. 

7. The molded catalyst for production of triethylenediamine according to any one of Claims 1 to 6, wherein the molded 
35 catalyst is spherical, oval or cylindrical, and its average diameter as a sphere is from 1 to 20 mm. 

8. The molded catalyst for production of triethylenediamine according to Claim 7, wherein the molded catalyst is 
cylindrical, and its average diameter as a sphere is from 2 to 10 mm. 

40 9. A method for producing the molded catalyst for production of triethylenediamine as defined in any one of Claims 
1 to 8, characterized in that amorphous silica composed of primary particles having an average particle size of 
from 6 to 60 nm, is used as a binder, and the silica and crystalline aiuminosilicate are mixed and then molded into 
a predetermined shape by a molding machine. 

45 10. The method for producing the molded catalyst for production of triethylenediamine according to Claim 9, wherein 
the mixing of the silica and crystalline aiuminosilicate is carried out in a wet system using water, and the molding 
by a molding machine is followed by drying. 

11. The method for producing the molded catalyst for production of triethylenediamine according to Claim 9 or 10, 
50 wherein after the molding, the obtained molded product is calcined at a temperature of from 500 to 950°C. 

1 2. The method for producing the molded catalyst for production of triethylenediamine according to any one of Claims 
9 to 1 1 , wherein the amorphous silica is at least one member selected from the group consisting of colloidal silica, 
wet process silica and dry process silica. 



55 



13. The method for producing the molded catalyst for production of triethylenediamine according to Claim 12, wherein 
the amorphous silica is colloidal silica. 
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14. The method for producing the molded catalyst for production of triethylenediamine according to any one of Claims 
9 to 13, wherein the molding machine is an extrusion molding machine. 

15. A method for producing triethylenediamine, characterized by contacting at least one member selected from the 
group consisting of amine compounds having a group represented by the following formula (1): 

-CHR 1 -CHR 2 -NR 3 R 4 (1) 

wherein each of R 1 to R 4 which are independent of one another, is a hydrogen atom or a C^. 3 alkyl group which 
may have a substituent, with the molded catalyst for production of triethylenediamine as defined in any one of 
Claims 1 to 8. 



10 



EP 1 192 993 A1 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 01 12 3053 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation ot document with Indication, 
cf relevant passages 



where appropriate. 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (IM.CL7) 



EP 0 952 152 A (AIR PROD & CHEW) 
27 October 1999 (1999-10-27) 

* page 3, line 11 - line 13 * 

* page 4, line 2 - line 8 * 

* page 4, line 17 - line 20 * 

* claims 1,4,6,7 * 

WO 00 29511 A (DARNANVILLE JEAN PAUL 
;DUPREY EREC (FR); CREYGHT0N EDWARD JULIUS 
() 25 May 2000 (2000-05-25) 

* examples 6-9 * 

* example D * 

US 6 077 984 A (YA0 JIANHUA ET AL) 
20 June 2000 (2000-06-20) 

* column 16, line 14 - line 63; claims 
13-19 * 

EP 0 831 096 A (AIR PROD & CHEM) 
25 March 1998 (1998-03-25) 

* page 3, line 14 - line 18 * 

* page 3, line 42 - line 51 * 

* claims 1,6,12 * 



1-8,15 



B01J29/28 
B01J37/00 
B01J37/04 



1-14 



1-14 



1-8,15 



TECHNICAL FIELDS 
SEARCHED (lrrt.CI.7) 



B01J 



The present search report has been drawn up for ail claims 



Place of search 

MUNICH 



Date of oomptoHon of the sestch 

20 December 2001 



Examiner 

Schoofs, B 



CATEGORY OF CITED DOCUMENTS 

X : partiraiLnrry relevant tt taken alone 

Y : particularly relevant if combined with another 

document of tfio same category 
A : technological background 
O : non -written disclosure 
P : Intermediate document 



T : theory or principle underlying the invert 
E : earfier patent document, but published 

after the filing date 
D : document cited In the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



11 



EP1 192 993 A1 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 01 12 3053 



This annex lists the patent family members relating to the patent documents cited in th« ^^m^i™,^ c 

The members are as contained In the European Patent OfteEDPfllem above-mentioned European search report. 

The European Patent Office Is In no way liable for these particulars which are merely given for the purpose of Information. 

20-12-2001 



Patent document 
cited In search report 



Publication 
date 



EP 0952152 



27-10-1999 



US 
CN 
EP 
JP 



WO 0029511 



25-05-2000 



AU 
WO 
EP 
AU 
WO 



US 6077984 



20-06-2000 



AU 
BR 
CN 
EP 
W0 



EP 0831096 



25-03-1998 



US 
BR 
CN 
EP 
JP 
JP 
KR 



Patent family 
members) 



6084096 A 
1234401 A 
0952152 A2 
11349578 \ 



1859400 A 
0029511 Al 
1137741 Al 
7911100 A 
0123089 Al 



5674199 A 
9913369 A 
1315929 T 
1109762 Al 
0012450 Al 



A 
A 
A 



5731449 
9704762 
1179423 
0831096 A2 
3049602 B2 
10109964 A 
242734 Bl 



,B 



i For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



Publication 
date 



04- 07-2000 
10-11-1999 
27-10-1999 
21-12-1999 

05- 06-2000 
25-05-2000 

04- 10-2001 
30-04-2001 

05- 04-2001 



21-03-2000 
05-06-2001 
03-10-2001 
27-06-2001 
09-03-2000 



24- 03-1998 
17-11-1998 
22-04-1998 

25- 03-1998 
05-06-2000 
28-04-1998 
02-03-2000 



12 



*iSDOCID:<EP 1192993A1 I > 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
GHaded TEXT OR DRAWING 
□^BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 



REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 
□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



1iilS p m BLANK 



omo) 



